Introduction
Dolomitization is a replacement process which requires a large amount of Mg-rich fluid interacting with a CaCO 3 precursor (Land 1985; Morrow 1990 ). Dolomitization models are essentially based on the hydrological drive of a large-scale fluid circulation in those settings, where the deposits have been removed from the shallow burial realm, and thus, the pore fluid chemistry is no longer governed by surface processes (Machel 2004) . Cherty dolomite within an organic matter-rich basinal succession had already been noticed by Hofmann (1871) from the hills surrounding Budapest. A sedimentary architecture including a carbonate platform, foreslope, and basin was reconstructed by systematic studies of the Upper Triassic formations of the region (Kleb et al. 1993; Haas 1994 Haas , 2002 Haas et al. 1997a Haas et al. , 2000 . Although various hypotheses were proposed to explain the dolomitization process of basinal deposits (Haas et al. 1997b; Haas 2002; Esteban et al. 2009 ), the controlling factors were still not fully understood.
Structurally controlled hydrothermal dolomite reservoirs are considered as important hydrocarbon plays, and accordingly, they receive an increased exploration attention globally (e.g. Smith Jr and Davies 2006) . Hydrothermal dolomitization is defined as an alteration by fluid with a temperature higher than the ambient temperature of the host formation Mountjoy 1992, 1994; Machel and Lonnee 2002) . This process usually occurs at Abstract Dolomitization of relatively thick carbonate successions occurs via an effective fluid circulation mechanism, since the replacement process requires a large amount of Mg-rich fluid interacting with the CaCO 3 precursor. In the western end of the Neotethys, fault-controlled extensional basins developed during the Late Triassic spreading stage. In the Buda Hills and Danube-East blocks, distinct parts of silica and organic matter-rich slope and basinal deposits are dolomitized. Petrographic, geochemical, and fluid inclusion data distinguished two dolomite types: (1) finely to medium crystalline and (2) medium to coarsely crystalline. They commonly co-occur and show a gradual transition. Both exhibit breccia fabric under microscope. Dolomite texture reveals that the breccia fabric is not inherited from the precursor carbonates but was formed during the dolomitization process and under the influence of repeated seismic shocks. Dolomitization within the slope and basinal succession as well as within the breccia zones of the underlying basement block is interpreted as being related to fluid originated from the detachment zone and channelled along synsedimentary normal faults. The proposed conceptual model of dolomitization suggests that pervasive dolomitization occurred not only within and near the fault zones. Permeable beds have channelled the fluid towards the basin centre where the fluid was capable of partial dolomitization. The fluid inclusion data, compared with vitrinite reflectance and maturation data of organic matter, suggest that the ascending fluid was likely hydrothermal which cooled down via mixing with marine-derived pore 1 3 intermediate burial depths (e.g. Davies and Smith Jr 2006; Smith Jr and Davies 2006; Wilson et al. 2007; Conlife et al. 2010; Lavoie and Chi 2010; Ronchi et al. 2012; HaeriArdakani et al. 2013) . Fault-related hydrothermal dolomitization in compressional setting was described from several locations (e.g. Oliver 1986; summary in Machel 2004) . This paper documents a peculiar breccia fabric within dolomitized organic matter-rich successions, deposited in intraplatform extensional basins. The observed features propose a dolomitization process in a tectonically active, hydrothermal fluid-dominated environment located at intermediate burial depth.
Geological setting
Mesozoic and Paleogene rocks crop out on the western and eastern side of the Danube River near Budapest, in the Buda Hills and Danube-East blocks (Fig. 1) . In both areas, the Upper Triassic slope and basinal deposits overlie Middle Triassic platform dolomite; they are typified by cherty dolomite in the lower part of the succession and toe-ofslope and basinal cherty limestone upsection (Mátyáshegy Formation in the Buda Hills and Csővár Formation in the Danube-East blocks, respectively; Haas 1994 Haas , 2002 Haas et al. 1997a ; Fig. 2 ). The cherty carbonate succession crops out in two ranges in the Buda Hills. Both dolomite and limestone occur in the eastern range where the estimated thickness of the succession is 200-250 m. Only dolomite is known in the western range where a reliable estimate of the thickness is not possible. In the Danube-East blocks, the thickness of the cherty dolomite is ca. 100 m and that of the overlying limestone is 600 m. The pervasively dolomitized deposits are poor in fossils. Based on radiolarians and conodonts, the dolomite is assigned to the CarnianNorian interval in the Buda Hills (Kozur and Mock 1991; Haas et al. 2000) . The limestone and the slightly dolomitized limestone are rich in fossils. Both pelagic elements, i.e. prasinophyte algal cysts, radiolarians, ammonites, crinoids, and conodonts, and redeposited bioclasts of shallow platform origin, i.e. calcareous algae, foraminifers, calcareous sponges, gastropods, bryozoans, corals, and holothurian sclerites, were found (Haas 1994; Haas et al. 2000) . Based on these fossils, the following ages are defined for the limestone: Early Carnian limestone crops out in the north-eastern part of the Buda Hills; Late Norian-Rhaetian cherty limestone is developed in the eastern range of the Buda Hills; and Early Norian-Lower Jurassic cherty limestone occurs in the Danube-East blocks (Kozur and Mostler 1973; Detre et al. 1988; Kozur and Mock 1991; Haas et al. 2000; Karádi and Kozur 2013) . Similar Upper Triassic dolomitized slope and basinal successions were described as Forni Dolomite and Bača Dolomite in the Southern Alps (Rožič et al. 2009; Gale 2010) .
A thick succession of Middle Triassic platform dolomite occurs in both studied areas (Oravecz 1963; Hips et al. 2015) . There is commonly a sharp boundary between the two dolomite formations, but gradual transition was also recognized, where the cherty dolomite is in a higher position (Benkő and Fodor 2002) .
The dolomite rocks in both study areas were subjected to moderate deformation during the Cretaceous-Early Eocene (Fodor et al. 1994 (Fodor et al. , 1999 Haas et al. 1997b; Benkő and Fodor 2002) . Due to tectonically induced uplift and intense denudation in the Late Cretaceous to Early Palaeogene, post-Triassic Mesozoic strata are absent in the Buda Hills, and post-Early Jurassic formations were preserved only in thin tectonic slices in the Danube-East blocks. A long erosional period was followed by deposition of bauxite, coal, and limestone in the Eocene, and marl in the Oligocene (Wein 1977; Báldi 1986 ). Calcite, barite, fluorite, and associated sulphide minerals were precipitated along fractures in the dolomite from hydrothermal fluid migrated along Middle Miocene fault zones (Győri et al. 2011; Poros et al. 2012) . Inversion of the Neogene Pannonian Basin began in the latest Miocene and resulted in the uplift of MesozoicPalaeogene basement blocks.
Vitrinite reflectance (VR), as an organic maturation indicator, has become one of the main tools for thermal history analysis of sedimentary basins, since it shows strong correlation with maximum burial temperature (Baker and Pawlewicz 1986 ). The measured mean VR value of the limestone succession, overlying the dolomite studied, is 0.34 % in both studied areas (Hámor-Vidó et al. 1998; Haas et al. 2000; Sasvári 2009 ). In the Buda Hills, Heté-nyi et al. (2004) studied the composition of organic matter both in the dolomite and in the overlying limestone. The organic matter had accumulated during deposition and was preserved in place. The organic matter content of the deposits is relatively high; the TOC ranges from 1 to 4 %. Immaturity of organic matter is constrained by Rock-Eval data and biological marker isomerization ratios. T max values measured by Rock-Eval pyrolysis range between 416 and 425 °C. The maturity of the organic matter in the dolomite interval has been found slightly higher than that of the limestone one (the comparison is based on the configurational isomerization ratios, calculated from GC/MS fragmentograms of the non-aromatic hydrocarbon fraction of bitumens; Hetényi et al. 2004 ). Both VR and T max values indicate that organic matter maturity did not reach the temperature threshold of the onset of oil generation.
Materials and methods
Two borehole cores and six outcrop sections were studied and sampled within the study areas ( Figs. 1, 2 ; Table 1 ). Altogether, more than 200 thin sections were examined by conventional microscopic petrographic methods. Cathodoluminescence (CL) petrography was carried out on selected samples using a Nuclide ELM-3R cold CL device operating at 10 kV. In order to distinguish between calcite, dolomite, and their ferroan variants, many of the thin sections were stained with a mixture of Alizarin Red-S and potassium ferricyanide as described by Dickson (1966) . Folk's (1962) terminology was used for the crystal size characterization.
The geochemical analyses for major and trace elements of selected, polished, carbon-coated samples were carried out with an AMRAY 1830I/T6 scanning electron microscope (SEM) equipped with a MORAN energydispersive X-ray spectrometer. Dolomite was sampled for stable carbon and oxygen isotope analyses, using a hand-held microdrill with a 0.5-mm bit-head (28 samples). The carbonate powder was divided into two samples that were measured separately. The powder was analysed using the continuous flow technique with the H 3 PO 4 digestion method (Rosenbaum and Sheppard 1986; Spötl and Vennemann 2003) . 13 C/ 12 C and 18 O/ 16 O ratios of CO 2 generated by acid reaction were measured using a Thermo Finnigan Delta Plus XP continuous flow mass spectrometer equipped with an automated GasBench II. The results are expressed in the δ-notation on the Vienna Pee Dee Belemnite (V-PDB) standard, in parts per 1000 (‰). Duplicates of standards and samples were reproduced at better than ±0.15 and ±0.1 ‰, for oxygen and carbon isotopes, respectively. Doubly polished thin sections (100 µm thick) of selected samples, which contain crystals suitable for measurements, were prepared for fluid inclusion studies. Microthermometric measurements were taken on a Linkam FTIR 600 heating-freezing stage mounted on a polarized microscope. Standardization was carried out at −56.0, 0, and 374 °C on synthetic quartz-hosted H 2 O and H 2 O-CO 2 fluid inclusions. The accuracy of the measurements was 0.1 °C during heating experiments and 1 °C during freezing.
Dolomite petrography Upper Triassic cherty dolomite
Thick-bedded (10-30 cm), cherty dolomite characterizes the succession in both studied areas. The dolomite contains grey or brown 5-to 10-cm-sized chert nodules and/or 1-to 2-cm-sized angular chert clasts (Fig. 3a) . In the Buda Hills, alternations of dark and medium grey laminae were commonly observed in the upper part of the dolomite succession (Fig. 3b) .
Under the microscope, various textural and fabric types of non-ferroan dolomite are encountered. The crystal size varies moderately or significantly in all samples. Finely to medium crystalline dolomite, consisting of crystals of ca. 10-150 µm in size, is volumetrically the most significant component in the succession (Fig. 4) . Two textural types can be distinguished. In one of the types, closely packed subhedral-anhedral crystals occur, whereas in the other, medium-sized euhedral-subhedral crystals and fine crystals are heterogeneously distributed (Figs. 4, 5) . In both textural types, the crystals are either unzoned or have a turbid core and a limpid outer rim. Baroque dolomite, which is characterized by medium to coarse (up to 500 µm) anhedral crystals, is associated with finely to medium crystalline dolomite in variable amounts. The baroque crystals are commonly turbid, but coarser crystals have a turbid core and limpid rim. They show undulose extinction under crossed polars. The baroque crystals occur as a replacive phase as well as a pore-filling cement ( Fig. 6 ). In the laminated dolomite, limpid baroque crystals are only observed as thin veins.
In the laminated dolomite, aphanocrystalline clots and peloids are encountered as minor components (Fig. 4a) . Aggregates of tiny clots and the individual peloids are arranged into discontinuous bands and laminae. Very fine to fine crystals are encountered in the partially dolomitized limestone, which exhibits transitional features towards the overlying limestone. The tiny euhedral and subhedral dolomite crystals form clusters, or they are randomly scattered within the bioclastic-peloidal wackestone-packstone ( Fig. 4c, d ). The components and the depositional fabric gradually disappear where the dolomite crystals tend to be tightly intergrown. In many samples, the intercrystalline porosity within the sucrosic dolomite is occluded by brown organic matter (cf. Heté-nyi et al. 2004) . Similar brown, residual organic matter is enriched along bed-parallel dissolution seams and stylolites as well as sub-vertical stylolites (Fig. 4b, d ).
The pervasively dolomitized part of the formation is characterized by peculiar breccia fabric under the microscope. No preserved sedimentary components or sedimentary fabric can be recognized inside the clasts; thus, the dolomitization was fabric-destructive. The breccia fabric exhibits specific features. The breccia consists either solely of dolomite clasts, or solely of chert clasts, but both also co-occur. Well-defined as well as obscured brecciation is visible in the fabric where the boundary of clasts/mottles is relatively sharp or gradational, respectively (Figs. 6, 7). In the case of the well-defined breccia, heterogeneously distributed mottles of fine to medium crystalline dolomite are cut across by irregular mottles of medium to coarse crystalline baroque dolomite (Fig. 6 ). Crosscutting relationships show that the formation of baroque crystals post-dates the finely to medium crystalline phases. In many cases, mottles consisting of crystals of different size are in direct contact; no groundmass (such as matrix or cement) surrounding each clast is encountered (Fig. 6a) . The poorly defined breccia fabric is characterized by finely to medium crystalline mottles exhibiting either sharp or gradational boundary, or both together (Fig. 7) . Strings consisting of medium-sized crystals commonly fan out forming a groundmass among the finer crystalline mottles (Fig. 7a) . In a few samples, an enrichment of rhombohedral crystals within brecciated damage zone of microscale normal faults is observed (Fig. 5 ). All samples with breccia fabric are characterized by a gradually increasing crystal size from mottle to mottle that refers to a sequence of successive generations of replacive dolomite phases (Fig. 8) . The final dolomite phase is a pore-filling, limpid baroque cement (Fig. 7c) . Bed-parallel stylolites are occasionally encountered (Fig. 6a) .
Under CL, the fine to medium, subhedral-anhedral crystals and the aphanocrystalline components show blotchy dull red luminescence (Fig. 5d) . The rhombohedral medium-sized crystals display a core and growth zone of variously dull red luminescence. The medium and coarse, anhedral baroque crystals show dull red blotchy luminescence, or they have a blotchy core and a darker, faint red rim. Moreover, the subhedral baroque crystals may exhibit variously intense faint and dull red growth zones with a brighter red fine subzone. Luminescence of the baroque dolomite also revealed the formation sequence of the crystals as well as crosscutting dolomite veinlets (Fig. 9) . (1) Fabric-destructive, predominantly medium crystalline dolomite consists of closely packed subhedral-anhedral crystals 70-300 µm in size. The crystals are either inclusion-rich, or they have a turbid core and limpid rim. The majority of crystals show undulose extinction under crossed polars. This fabric type is volumetrically the most significant component in the studied succession. (2) The second type is characterized by a highly variable crystal size that ranges from aphanocrystalline to coarsely crystalline (ca. up to 400 µm). The aphanocrystals form clot-clusters or a dense groundmass in which finely or medium to coarsely crystalline mottles are embedded. However, an opposite pattern is locally observed; the medium crystalline dolomite involves finely crystalline stringers or clusters of peloids. (3) The third type is characterized by breccia fabric (Fig. 10) . It was observed in some thin intervals. Two subtypes can be distinguished on the basis of the inner fabric of the clasts and crystal habits of embedding dolomite. In one of the subtypes (Fig. 10a) , the clasts have similar fabrics to the two fabric types described above. The ratio of clasts and surrounding medium to coarse, anhedral baroque crystals is very low; many clasts are apparently floating in the embedding dolomite. In the other subtype (Fig. 10b) , coarser crystalline clasts, occurring in a wide range of sizes, are embedded within dolomite micrite. The clasts consist of medium to coarse, anhedral baroque crystals which are either turbid, because of many solid inclusions, or limpid. Many of the limpid crystals are elongated and oriented perpendicular to the boundary surface of the turbid and limpid phases. These limpid crystals are truncated along the clast's boundary. Moreover, there is a subhedral, limpid baroque crystal generation, which shows straight crystal faces and which is attached onto the surface of breccia clasts.
Geochemical data Major and trace element compositions
Homogeneous back-scattered electron images characterize the dolomite. Concentrations of trace elements are below the detection limit of the EDS detector that was used for this study. 
Stable carbon and oxygen isotopes
The fine-scale heterogeneity and the size of the dolomite crystals inhibited their selective sampling. Only the fracture-filling baroque dolomite cement from large pores could be sampled and measured separately; otherwise, bulk rock samples were analysed ( Fig. 11 ; Table 2 
Fluid inclusion petrography and microthermometry
One suitable sample was analysed in order to obtain information on the temperature and the composition of dolomitizing fluid. Fluid inclusion studies were carried out on primary aqueous inclusions of the medium crystalline replacive subhedral dolomite crystals and the baroque dolomite cement. In the turbid core of the subhedral crystals, isometric primary fluid inclusions are also present from 1 to 5 μm in size. They are all monophase liquid inclusions, implying that the precipitation of the mineral occurred below 50 °C (Goldstein and Reynolds 1994) .
Primary fluid inclusions are present in the core and along growth zones of the baroque dolomite crystals. They are 2-8 μm in size, and their shape is elongated or isometric and angular. The inclusions contain both liquid (L) and vapour (V) phases with visually determined L/V phase ratios of around 95:5 (Fig. 12) . Several secondary fluid inclusion assemblages were also observed along microfractures/cleavage planes. Microthermometry was carried out on the primary two-phase inclusions of baroque crystals. The inclusions were homogenized into liquid phase. The measured homogenization temperature values range between 72 and 108 °C ( Fig. 12 ; Table 3 ). Even though the entrapment temperature of the fluid could not be calculated, since no pressure correction was applied, the homogenization temperature values still provide a valid measure of the minimum entrapment temperature (Goldstein and Reynolds 1994) . The vapour phase of the inclusions usually did not reappear during cooling down to room temperature or below; therefore, in most cases, it was not possible to measure the final melting temperature. The five obtained final melting temperatures range between −1.8 and −1.1 °C, which equals to a salinity range from 1.9 to 3.1 NaCl eq. wt%, assuming a NaCl-H 2 O system (FLINCOR software; Brown 1989).
Attempts to locate fluid inclusions suitable for microthermometric analysis from other collected samples were unsuccessful because many late-stage, thin fractures cut across the dolomite. A coarser crystalline mottle (top right) cuts across the boundary of fine and medium crystalline mottles. The interface between the mottles is occasionally serrated (bed-parallel stylolite; arrow). b Mottles, consisting of coarse, anhedral replacive and subhedral porefilling cement crystals, are surrounded by fine to medium replacive crystals. The transition is commonly gradual between the mottles as shown by the gradually increasing crystal size, but sharp boundaries are also visible. Clayey detrital dolomite is the latest pore-occluding phase (arrow). Vertical silica veinlets cut across the dolomite crystals. Section 2
Discussion

Interpretation of the paragenetic sequence of the Upper Triassic cherty dolomite
Alteration of biogenic silica and silicification of the deposits are interpreted as being one of the first alteration processes. The non-dolomitized limestone succession is rich in radiolarians and sponge spicules (Haas et al. 1997a (Haas et al. , 2000 that have been partly replaced by calcite and the mobilized silica impregnated the deposits in the relatively shallow burial diagenetic realm (e.g. Hesse 1990 ). Dolomite showing breccia fabric contains many angular chert clasts. These occur neither in the partially dolomitized limestone nor in the limestone upsection. Thus, they are probably not reworked sedimentary particles but fragments of chert nodules or chert laminae. These clasts were most likely formed in place during diagenesis, such as during or after the diagenetic alteration of silica, Fig. 7 Photomicrographs of the Upper Triassic dolomite showing the breccia fabric. a Variably sized dolomite and chert breccia clasts occur within lighter grey groundmass consisting of fine to medium, predominantly subhedral crystals. Dark, finer crystalline clasts have sharper boundaries, whereas mottles consisting of medium-sized crystals have more obscured ones. Faint hairlines (light areas; arrow) consisting of medium-sized crystals fan out downward forming a groundmass among the clasts. b Obscured boundary of finer crystalline mottles showing gradual transition towards the embedding medium crystalline groundmass (arrows). c Multiphase network exhibits gradually increasing crystal size, such as finely crystalline mottles appear as distinct clasts (dark areas) within a medium crystalline groundmass (grey areas). Limpid baroque dolomite cement (white area, arrow) precipitated within a fracture network post-dating the fine to medium replacive dolomite phases. Breccia fabric is more obvious in the upper part, whereas ghosts of clasts occur in the lower part. All these components are cut across by light brown, subvertical silica veins (middle). d The dolomite texture within a faint breccia fabric. Poorly defined clasts are typified by fine and medium, anhedral crystals, whereas dolomite micrite and medium-sized euhedral-subhedral crystals occur among them. Sharp boundaries (thin yellow arrows) as well as gradual transitions (thick red arrows) of clasts/mottles also occur. Larger clasts include many smaller, finely crystalline clasts (yellow dotted circles). a, b Section 6, at 230.9 m; c Section 5; d Section 6, at 247.6 m but before the formation of euhedral-subhedral dolomite rhombs, which appear among the clasts (Fig. 7a, b) .
Fine to medium, subhedral-anhedral crystals are interpreted as being formed via a replacive process. The CL pattern indicates that the euhedral medium-sized crystals nucleated as replacive crystals and are enlarged successively by further replacement and in the latest phase as syntaxial overgrowth cement, similarly to the alteration stages described by Choquette and Hiatt (2008) . Laminae of aphanocrystalline clot-clusters have been likely formed via shallow subsurface mineralization of bacterial biofilms (Riding 2000) . Organogenic dolomite in hemipelagic deposits is characterized by a wide range in δ 13 C values, reflecting enrichment of carbon incorporated into to the dolomite from different bacterial zones of organodiagenesis (e.g. Burns et al. 1988; Compton 1988; Mazullo 2000; Meister et al. 2007) . The aphanocrystal phase is minor in the studied samples. It cannot be determined whether the aphanocrystals formed via replacement of organogenic calcite precursor or they primarily precipitated as dolomite. A lack of carbon isotope shift towards negative values might be explained by the predominance of seawater-derived dissolved carbon in the pore fluid during the relatively shortterm sulphate reduction (cf. Mazullo 2000) . The primary monophase aqueous inclusions of the subhedral crystals indicate formation below 50 °C (Goldstein and Reynolds 1994) . The oxygen isotope values between 2.1 and −1.3 ‰, measured from bulk rock samples of fine to medium crystalline dolomite, suggest formation at moderately wide temperature range (cf. Land 1983) . The replacive baroque crystals were formed above 60 °C (Radke and Mathis 1980) . Their formation temperature is approximated by minimum entrapment temperature of fluid inclusions (70 °C) that implies elevated temperature of the fluid compared to that of the replacive fine to medium crystals. The negative δ
18 O values of the baroque crystals correlate with these results (cf. Land 1983) . The combination of the isotopic data, the fluid inclusion data and the succession of dolomite phases observed indicates a dolomitization process by the same fluid at a different temperature rather than by various fluids of different compositions. This is supported by the observed uniform geochemical character of various-sized crystals. Accordingly, gradually coarser crystals replaced the precursor carbonate as a result of rising temperature followed by baroque cement precipitation (Figs. 6, 8, 9 ).
Petrographic observations reveal that although the partially dolomitized limestone and the limestone upsection contain abundant bioclasts, none of them, except for some silicified ones, was preserved in the dolomite fabric (Fig. 4c) . Thus, the dolomitization was fabric-destructive. Even if one assumes the retention of breccia fabric of the precursor limestone, there would be no explanation for the distinct crystal sizes of the adjacent clasts, the wide range of dolomite crystal size, and a lack of the surrounding matrix or cement (e.g. Fig. 6a ). Bed-parallel stylolites in the dolomite indicate that dolomitization took place in intermediate burial diagenetic realm prior to the onset of chemical compaction (Fig. 6a) .
Interpretation of the paragenetic sequence of the breccia dolomite in the down-faulted basement
The fabric types of the bedded platform dolomite in the Danube-East blocks resemble those of the Middle Triassic Budaörs Dolomite described in detail from the Buda Hills (Hips et al. 2015) . A two-stage dolomitization model has been proposed for the Middle Triassic platform carbonate. Fine crystals with aphanocrystalline clot-clusters were formed during synsedimentary dolomitization, whereas medium and coarse crystals were formed during a thermal convectioninduced dolomitization at intermediate burial depth.
Two different subtypes of breccia fabric indicate two stages of brecciation. The petrographic features of one of the breccia fabrics-characterized by two types of dolomite clasts floating in mainly coarsely crystalline dolomite-imply that rocks were at least partly dolomite by the time of brecciation (Fig. 10a) . Additionally, a gradually increasing crystal size from clast-rich areas towards clast-free ones suggests that baroque crystals at first stage replaced the precursor CaCO 3 components, and then, the dolomite crystals subsequently precipitated as cement. These features, such as a replacive baroque dolomite phase overgrown by a cement phase, are observed within breccia clasts in other samples (Fig. 10b) . The presence of cement phase indicates that fragmentation of the rocks was initiated via hydrofracturing, and the fluid was likely overpressured (Fig. 10a) . The formation of coarse baroque dolomite suggests that the temperature of dolomitization was above 60 °C (Radke and Mathis 1980) . The successive fracturing stages led to additional brecciation, where the features of breccia fabric imply friction-related fragmentation (Fig. 10b) . Limpid crystals having straight crystal faces represent the latest-stage dolomite cement among the breccia clasts (Fig. 10b) . In these later stages, the fluid was not overpressured.
Interpretation of organic matter data
The measured VR values required a basin-specific calibration because of co-occurrence of hydrogen-rich kerogens (comment by Vidó M.). The expected equivalent VR is ca. 0.5 % that is calculated from suppressed VR (Vidó M., unpublished data). Correction was performed applying the method of Lo (1993) taking into consideration the elevated values of Rock-Eval HI, ranging between 200 and 500, and TOC content, ranging from 1 to 4 % (Hetényi et al. 2004) . Accordingly, the maximum burial temperature of the succession might have been around 50-60 °C, estimated from the thermal maturity data (cf. Hunt 1996) . A more reliable estimation would require further study and establishment of a basin-specific empirical VR-T model (cf. Chen et al. 2010) . Dolomitization of the slope and basinal succession took place in the intermediate burial realm as revealed by post-dating chemical compaction. Accordingly, the deposits were further buried after the cessation of dolomitization when they reached the maximum burial temperature (as reflected by VR data). Forced maturation, as an indicator of upward circulating hot fluid (Davies and Smith Jr 2006) , is detected for organic matter within the dolomite succession since the small temperature difference caused by ca. 100-m-deeper burial of dolomite could not explain the observed difference in maturity of organic matter.
The proposed conceptual model of dolomitization
During the Triassic, the depositional area of the Transdanubian Range was a part of the shelf of the Neotethys Ocean . In the Carnian, during the spreading stage, down-faulting of the carbonate platform and development of extensional basins took place (Bertotti et al. 1993; Haas and Budai 1995) . The hypothetical model for Carnian basin development and for geometry of displacement in the studied areas ( Fig. 13) is based on the model by Wernicke and Burchfiel (1982) , where a system of normal faults is characterized by a major fault with associated subsidiary faults and by a low-angle detachment fault with imbricate fault blocks in the hanging wall block (as shown in Fig. 4 .4 in Twiss and Moores 2007) . Different types of intraplatform half-graben arrangement occur (presented in Fig. 17 .14 in Fossen 2011). The accommodation zone in the depositional area of the Buda Hills may contain horst or graben, and the connection between the two studied basins is unknown (Fig. 2) . The setting, facies distribution and evolution of the Late Triassic basins were mainly tectonically controlled (Haas 1994 (Haas , 2002 Haas et al. 2000) . Dolomitization of relatively large dolomite bodies requires a fluid-dominated diagenetic system (e.g. Morrow 1990 ).
The character of the hydrological setting, established following major earthquakes, has been found to be dependent on the style of fault displacement. Normal faults involve post-seismic compressional elastic rebound and displace large volumes of fluid from the crust (Muir-Wood and King 1993; Muir-Wood 1994) . This model is generally accepted as a viable mechanism for hydrothermal fluid transport (Cox et al. 2001) . The majority of the Middle Triassic platform carbonate in the basement blocks, underlying the cherty dolomite, was already lithified and cemented before the onset of Late Triassic down-faulting (Hips et al. 2015) . Therefore, the permeability of the rocks prior to the faulting and fracturing may have been rather reduced. The hydraulic brecciation and fracturing commenced within a distinct zone of the basement rocks (Fig. 10a) . The overpressured dolomitizing fluid is thought to have been injected from the detachment zone (Fig. 13) . The fluid flowed through the opened pathway, from the detachment zone through the platform carbonates, and reaching the overlying relatively soft sediment, its pressure was reduced to hydrostatic (e.g. Bjørlykke 2010) . A progressing down-faulting of the solid basement blocks subsequently led to friction-related secondary brecciation (Fig. 10b) .
In the slope and basinal deposits-due to the physical properties of soft sediment, namely its ductile response to tectonic stress-fractures do normally not stay open sufficiently long to transmit fluid (Bjørlykke 2010) . However, if the fluid is hot, then a diffuse flow is maintained (Bjørlykke 1994 (Bjørlykke , 2010 . The permeability of faults is generally greater at depth where the rocks are brittle (Bjørlykke 1994) , such as in the Middle Triassic platform carbonates. At shallower depth, the permeable basinal carbonate deposits facilitated lateral fluid migration away from the fault zones (cf. Frost et al. 2012 ). In the studied slope and basinal successions, at the early stage of dolomitization, the fluid diffusely ascended through the matrix porosity of the calcareous deposits, resulting in dispersed nucleation. Finely crystalline replacive alteration commenced around the nucleation centres. During the prolonged dolomitization process, deposits have been intermittently subjected to seismic shocks that led to segregation of solid dolomitized clasts within a semi-consolidated, porous calcareous 'matrix.' The tectonically induced periodic brecciation facilitated the fluid flow within the porous calcareous 'matrix.' Thus, the discontinuity surfaces were obscured due to the progression of the replacive dolomitization. At the late stage of dolomitization, the breccia fabric and fractures became more obvious within brittle, pervasively dolomitized deposits and cement crystals precipitated. Although the master fault itself between the footwall platform dolomite and the dolomitized basinal succession was not identified on the field, the progressing dolomitization in the course of penecontemporaneous tectonic activity is reflected in the dolomite fabrics (Fig. 13) . The breccia fabric is neither inherited from the precursor carbonates nor formed via late-stage fragmentation of dolomite rocks, but was formed during the dolomitization process.
The thermal gradient of the fluid is considered as a potential driving force for its circulation (cf. Bjørlykke 1994 Bjørlykke , 2010 . Pervasive dolomitization occurred in the vicinity of faults and in the stratigraphically lower part of the formations, which implies prolonged circulation. Breccia fabric with high variation in crystal size and precipitation of baroque crystals in the late stage of paragenetic sequence demonstrate this situation. The highest temperature of the dolomitizing fluid is expected here that is reflected most of all in the precipitation temperature of baroque cement crystals (70 °C). This was slightly higher than the maximum burial temperature of the succession (ca. 50-60 °C), estimated from the thermal maturity data. Forced maturation of the organic matter in the dolomitized interval is another support for hydrothermal dolomitization. Regardless of the driving force, the cooling of heated water can be expected towards the basin centre (Bethke and Marshak 1990; Bjørlykke 1994) . Along the pathway, the fluid cooled via mixing with the marine-derived pore water of the deposits-fine to medium crystal phases and partial dolomitization upsection represent this situation.
Palaeontological data from the limestone succession deposited in the basin indicate that parts of the elevated blocks located among the extensional basins became subaerially exposed in the Rhaetian (Haas et al. 2000 (Haas et al. , 2010 . Under humid climate, meteoric water lenses were established below surface within these blocks. Thus, deeply circulated freshwater could have mixed with fluid channelled along fault zones, which may explain the salinity data obtained from fluid inclusion analysis. The compilation of a comprehensive palaeogeographic scenario, including the location of master faults and the dimension of extensional basins, requires integration of biostratigraphic, sedimentological, and structural geological data. This would permit understanding the spatial distribution of dolomitization but is beyond the scope of the present study.
Conclusions
Dolomitized slope and basinal successions of the Late Triassic fault-controlled, extensional intraplatform basins were studied. Silicified carbonates were affected by a volumetrically significant dolomitization. The pervasive dolomitization of the lower part of the succession with extensively brecciated fabric implies the most active fluid circulation to be in the vicinity of faults. Upsection and laterally, the breccia fabric becomes obscured, and the dolomite is finer crystalline. Further upsection, dolomitization gradually diminished.
The basic features of the proposed conceptual model are as follows. Activation of normal fault zones facilitated the fluid transport. The dolomitizing fluid was expelled along those synsedimentary normal faults which controlled the development and subsidence of the basins in an extensional regime. The thermal gradient of the fluid is considered as a potential driving force for its circulation. The fluid was likely hydrothermal when it reached the semi-consolidated slope and basinal deposits but gradually cooled down via mixing with marine-derived pore fluids. Buoyancydriven fluid flow is a plausible candidate for dolomitization in the intermediate burial realm that took place over a relatively large distance in a short time. Thus, the dolomitization is not restricted to the vicinity of faults.
In the basement block, the coarsely crystalline baroque dolomite, containing dolomite rock fragments and exhibiting extensively brecciated fabric, is interpreted as being the master fault zone itself (developed within the Middle Triassic platform carbonate; Danube-East blocks).
